OBJECTIVE -The goal of this study was to estimate the prevalence of diabetes and the number of people of all ages with diabetes for years 2000 and 2030.
T
he number of people with diabetes is increasing due to population growth, aging, urbanization, and increasing prevalence of obesity and physical inactivity. Quantifying the prevalence of diabetes and the number of people affected by diabetes, now and in the future, is important to allow rational planning and allocation of resources.
Estimates of current and future diabetes prevalence have been published previously (1-3). Since these reports appeared, further epidemiological data have become available for several countries in Africa and the Middle East and for India. The sources of these data are identified in Table 1 .
This report provides estimates of the global prevalence of diabetes in the year 2000 (as used in the World Health Organization [WHO] Global Burden of Disease Study) and projections for 2030. It provides a sequel to the report describing estimates of the global burden of diabetes in 1990 (2) using newer data and different methods for estimating age-specific prevalence. As before, the estimates are based on demographic changes alone with the conservative assumption that other risk factor levels such as obesity and physical activity remain constant (in developed countries) or are accounted for by urbanization (in less developed countries). The current estimates include all age-groups, and age-specific data are presented (online appendix [available at http://care. diabetesjournals.org]) to allow comparison with previous estimates that were for adults only (2). As most data sources do not distinguish between type 1 and type 2 diabetes in adults, it is not possible to present data separately for subtypes of diabetes.
RESEARCH DESIGN AND
METHODS -Diabetes prevalence data for adults (Ն20 years of age) were derived from studies meeting the following criteria: a defined, population-based sample and diagnosis of diabetes based on optimal WHO criteria (a venous plasma glucose concentration of Ͼ11.1 mmol/l 2 h after a 75-g glucose tolerance test). The exceptions to the latter criterion were the study in China, for which a test meal was used (4) , and the study in Tanzania (5), in which fasting glucose alone gave a higher prevalence of diabetes than a previous study that used the optimal WHO criteria.
Prevalence estimates for type 1 diabetes for people Ͻ20 years of age for individual countries were estimated from available incidence data using methods described in the International Diabetes Federation (IDF) Diabetes Atlas 2000 (6) . Population-based data are not available for type 2 diabetes in people Ͻ20 years of age, and this group has been excluded from these estimates.
Age-and sex-specific estimates for diabetes prevalence were extrapolated to other countries using a combination of criteria including geographical proximity, ethnic, and socioeconomic similarities applied by the authors with the advice of the WHO regional officer and other experts. Table 1 shows the studies used and the countries to which data were extrapolated. Surveys were generally performed on middle-aged populations, and data are more limited at younger and older ages. Data on diabetes prevalence are usually presented in broad age bands, which suggest a biologically implausible step-like increase in diabetes prevalence with increasing age. DISMOD II software (available from http://www3.who.int/whosis) was used to produce smoothed, agespecific estimates of diabetes prevalence from the available data from each study. Further details on DISMOD II have been published elsewhere (7) . In summary, age-and sex-specific diabetes prevalence (derived from the studies listed in Table  1 ), remission (assumed to be zero), and estimates of relative risk of mortality among people with diabetes (see below) were entered into models. The model output provides estimates of prevalence, incidence, and mortality that are consistent with one another (7) .
Estimates of relative risk of all-cause mortality among people with diabetes, by age and sex, were derived from the limited number of cohort studies that provide this information (8 -10) . Estimated relative risks for all-cause mortality ranged between 1 (for the oldest agegroup, Ն80 years of age) and 4.1 (for 20 -39 years of age) for men and between 1 (for Ն80 years of age) and 6.7 (for 20 -39 years of age) for women. Further information on the estimation of agespecific relative risks is available in the draft Global Burden of Disease 2000 documentation (11) . Mortality data were derived from developed countries (U.K., Sweden, and U.S.). As no information was available for developing countries, the same relative risks were assumed to apply. Data are required to test the validity of this assumption. Survival is unlikely to be better in developing countries than developed countries, and any bias in the approach we have taken would lead to conservative estimates of incidence of diabetes in developing countries but would not affect estimates of prevalence. Estimates of incidence and mortality are not presented in this report but are available from the authors and from the draft Global Burden of Disease 2000 documentation (11) .
The prevalence estimates were applied to population estimates for individual countries for 2000 and 2030, which were produced by the United Nations Population Division (12) . Conventional, albeit simplistic, definitions of developed countries (Europe including former socialist economies, North America, Japan, Australia, and New Zealand) and less developed countries (all other countries) were used. In keeping with previous estimates, prevalence of diabetes was assumed to be similar in urban and rural areas of developed countries (2). For developing countries, urbanization was used as a proxy measure of the increased risk of diabetes associated with altered diet, obesity, decreased physical activity, and other factors such as stress, which are assumed to differ between urban and rural populations. For most developing countries, the prevalence of diabetes in rural areas was assumed to be one-half that of urban areas, based on the ratio observed in a number of population studies and as used in previous estimates (1). For some populations in developing countries (small islands and populations for which prevalence data were derived from studies combining urban and rural populations), a single estimate of diabetes prevalence was used. In the current estimates, on the advice of local experts, the prevalence of diabetes in rural areas was assumed to be one-quarter that of urban areas for Bangladesh, Bhutan, India, the Maldives, Nepal, and Sri Lanka (13) . To facilitate comparisons with previous estimates, the regional grouping of countries originally used in the World Development Report 1993 (14) and the Global Burden of Disease 1990 study was retained. Data on population size and estimated numbers of people with diabetes for individual countries were combined to give regional estimates of diabetes prevalence.
RESULTS -Detailed information on the estimated number of people with diabetes, population size, and prevalence for individual countries is given in the online appendix. The regional summaries are shown in Table 2 .
Assuming that age-specific prevalence remains constant, the number of people with diabetes in the world is expected to approximately double between 2000 and 2030, based solely upon demographic changes. The greatest relative increases will occur in the Middle Eastern Crescent, sub-Saharan Africa, and India. The greatest absolute increase in the number of people with diabetes will be in India. Most of the expected population growth between 2000 and 2030 will be concentrated in the urban areas of the world (15) . The most striking demographic change in global terms will be the increase in the proportion of the population Ͼ65 years of age (see Table 2 ).
The importance of age on the prevalence of diabetes is illustrated in Fig. 1 , which shows sex-specific estimates of diabetes prevalence by age. Globally, diabetes prevalence is similar in men and women but it is slightly higher in men Ͻ60 years of age and in women at older ages. Overall, diabetes prevalence is higher in men, but there are more women with diabetes than men (data available from the authors). The combined effect of a greater number of elderly women than men in most populations and the increasing prevalence of diabetes with age is the most likely explanation for this observation.
In developing countries, the majority of people with diabetes are in the 45-to 64-year age range, similar to the finding reported previously (2). In contrast, the majority of people with diabetes in developed countries are Ͼ64 years of age. By 2030, it is estimated that the number of people with diabetes Ͼ64 years of age will be Ͼ82 million in developing countries and Ͼ48 million in developed countries. The age distribution of the number of people with diabetes in developed and developing countries is illustrated in Fig. 2 .
The 10 countries estimated to have the highest numbers of people with diabetes in 2000 and 2030 are listed in Table  3 . The "top three" countries are the same as those identified for 1995 (2) (India, China, and U.S.). Bangladesh, Brazil, Indonesia, Japan, and Pakistan also appear in the lists for both 2000 and 2030. The Russian Federation and Italy appear in the list for 2000 but are replaced by the Philippines and Egypt for 2030, reflecting anticipated changes in the population size and structure in these countries between the two time periods.
CONCLUSIONS -The number of cases of diabetes worldwide in 2000 among adults Ն20 years of age is estimated to be ϳ171 million. This figure is 11% higher than the previous estimate of 154 million (2). Estimates of total population size and proportion of people Ͼ64 years of age in 2000 used in the previous report were higher than those used in this report, and therefore demographic changes cannot account for the discrepancy. The higher prevalence is more likely to be explained by a combination of the inclusion of surveys reporting higher prevalence of diabetes than was assumed previously and different data sources for some countries. The IDF Diabetes Atlas 2000 used different and less stringent criteria for the inclusion of studies to estimate prevalence of diabetes for 20-to 79-year-old individuals in the 172 IDF member countries (ϳ90% of the population of the world) (6) . It was estimated that there were 151 million people with diabetes in this subpopulation in 2000. Despite methodological differences, this was similar to the present estimate for a comparable population of 147 million. The IDF has subsequently released estimates of the numbers of people with diabetes for 2003 and forecasts for 2025 of 194 million and 334 million, respectively (16).
Even if the prevalence of obesity remains stable until 2030, which seems unlikely, it is anticipated that the number of people with diabetes will more than double as a consequence of population aging and urbanization. In the light of the observed increase in prevalence of obesity in many countries of the world and the importance of obesity as a risk factor for diabetes, the number of cases of diabetes in 2030 may be considerably higher than stated here. Increasing evidence of effective interventions, including changes in diet and physical activity or pharmacological treatment to reduce prevalence of diabetes, provides an impetus for wider introduction of preventive approaches (17) (18) (19) . Furthermore, improved survival may contribute to increasing prevalence of diabetes in the future especially in developed countries (20) .
As with previous similar studies, these estimates are limited by a paucity of data, particularly for Eastern Europe and Southeast Asia, and by the assumptions required to generate the estimates. It is possible that individual studies are not representative of the whole country in which they were performed, and it is likely that extrapolation of results to neighboring countries may give inaccurate estimates of diabetes prevalence. A new approach to estimating age-specific prevalence of diabetes was used for the present estimates. For the estimates prepared for the Global Burden of Disease Study 1990, logistic regression models with a linear factor for age were used when data for all age-groups were not available (2). The IDF estimates for 2000 included a quadratic regression model for diabetes with age (6), which can result in a marked reduction in diabetes prevalence at the oldest ages. DISMOD II models showed a flattening or modest reduction of diabetes prevalence in the oldest ages, which appears to be more consistent with the pattern observed in the limited number of studies giving information on diabetes prevalence in the oldest agegroups.
A conservative approach to calculating estimates was taken throughout this study. Given that several of the surveys were performed more than a decade ago, it is probable that this has generated underestimates of diabetes prevalence. Until more modern and nationally representative data are available, this approach provides a guide to the lower limits of the extent of the diabetes epidemic. It is anticipated that estimates will be updated periodically as new information becomes available.
In summary, these data provide an updated quantification of the growing public health burden of diabetes across the world. The human and economic costs of this epidemic are enormous. Mortality from communicable diseases and infant and maternal mortality in lessdeveloped countries are declining. In association with increasing diabetes prevalence, this will inevitably result in increasing proportions of deaths from cardiovascular disease in these countries, as well as increased prevalence and associated consequences of other complications of diabetes. A concerted, global initiative is required to address the diabetes epidemic. 
